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Ü)(Bä"Ï 9�ÒLÝF5�. 2�0ªÝ-+�.
á76�8 5�5ªÝ�Ò=. 0�5ªÝ'Ò	.
ã;: ß Ò=?ªÝF0�. ÒZ2hÝ-?�.
Ú�ß*Î�5�1 9�ÒLÝ�Ò=. ?�5ªÝ-0�.
<Tæ"Í : Î�1:Í 1�9ªÝF1�. Ò>ÒLÝ-9�.
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ýIô-ë@é"ì0çûó�ù�òjô*ô-í#�
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ïCè*ë��këxì�ó�ñCë@ô���ò@ùKù�í å�ì0çyì*ñCë ��M ¬�óxò�ì*ëx÷TçTè.
"�¬��ë ò�ì*ì0è*í úCýCì*ë¢ì0ñCí�ô®ì0ç�ì0ñCëC��òTó�ìûì*ñIò@ì"ô�íKåIó�ë�ì0ñCë
ó�çTî"ïâíKùKëxèÕóxò�å�X ì�é�ëzì0ëzè*î íKåCë�ì0ñCë¤ó�çjå�ì0ëzå�ìêôÕç � ò�å¢íKå�é�ë	� ò�è*èêò	
¼ø�ì0ñCëÁó�çTî"ïâíKùKëxè+ózò�åâåCçTì�ïCè0ë@é�íþó�ì
è*ëzýIô�ë"ò@î"çTåâ÷�íKå�é�íKè0ë@ó�ì¤òjózó�ë@ô0ô-ë@ô�ø'ò@åIé�ì0ñCëzè*ë�kçTè*ë ózò@å�Xnì¤ëzù íKî"í åIò�ì0ë®ýIô�ëzùKë@ô0ô%ïCè*ë��këxì�ó�ñCë@ô©ì0ñIò�ì
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Ü)(�(Bß=/ 1ªÝF1�. 0�+ªÝ32�. 1�?ªÝ-,�.
Ü)(�(Bä=( 1ªÝ�Ò=. 9�+ªÝ'Ò	. Ò	?ªÝ-0�.
Ü)(Bä"Ï 2�?ªÝF,�. Ò=5ªÝ-0�. ,�2hÝ-?�.
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Î á>ã Ü	Õ âªÝ#2�. Ò=,ªÝ-+�. +�5ªÝ-9�.
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Z �$[H\ �BI [ R�X CEMBDHM FTJYD CEFBI
��] \ P [ CEG RBR�M STJYM CEQBI
NL�#I#^�� \ GHD CESBMHG IHGKJLF MHMOC
N`_OP+� D IBD�C CaRbJR CcM
d ����^�? d � C CcIHM CaRbJR CEFOC
d � \Ae G [ IHG CEIBQWR IHMKJR GHGBS
_�?��9��M CcXWR SHGBSHI RfCfJR DBM

oKÃqp/À{¾(½ Ü��°¯ ô��N|��~��y��¹���
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g Ó�Ô+Õ*Ó¹Ï�Ð È�É Ì�ÊyÓyÙoÖ�ÊyË�Ô+ÉoÌ hfi1ö Ë�ÊyÌ hfiNÐ¤Ë�Ì�ÌyÍ�Ì hkjOö Ë�ÊyÌ hkjRÐ¤Ë�ÌyÌ�Í�Ì gml Öon�Ö�Ò�Í�Ì
ÏÅÑ Ñ Ò�Ù pcjEq�rsjut`v wcw�rsqEwcj x�rsqcwEj tBrsycpWi iErsjcp�i t{zcyWrsput{v
ÏÅÑ ÌyË jWr pEpcpWr zEycj pcwcjWrsxcj�i x�r t{jEy x�r tBi|p t jWrspczczWr t{wcj
ú�ÑoÑ Ñ Ñ jut`v�rsvut`p jcp�rsyEy�i pcz pcw j jut{vWrsxczcp
ö`n�û ÓyÔ`j�û xWr xat{pWr vEzcv iEr}i~zcwWrszczcz jWi~z�r t`w�i i|w�rsvcqWi jcvEj�rspcyWi jEp�rsq�i|y�rspcyEv
Ð2Õ+ÓyË�û i~jWr xEwcwWr qExcj pWr tct{xWrszcjcj iEi~q�rsjEzcx i|vcjWr wEqcz i|w�rsxczEy i|x�rsvczEw�rsycwEj
Ì�ÙBj�Ö�Ô*Ó jcpWr patBiEr pExcw wWr t{jcxWrsqcwcq icrsjWi~x�rspEjcp iEr vEjutHr zWi~x i~qEv�rsxcvEz xEv�rsycpEx�rsjcjEw
Ì�ø�Ë�Ð t{zWicrsjcxEj ici~qWr t{vcq z�rsyczat j�i zWrsycwcp iErsjcycvWr}i~pcj
Ê�Ô+Ð¤Ö�Ï�ÊU� wWr pEqczWr vEpcp iErswut{yWrswcxcx i|ycj�rsvatBi jEw�r}i~pEq iot`x�rsqcvWi i|q�rsycqEv�rsxcjEp
Ê�Ù ÓU�Bp+û iotHr t`xcpWr�i|y�i jWrsxcwczWr}i~x�i zatBrsycxWi patBrsjcyEx xEv�r t{yEx i|q�rspcpEz�rswczWi
ø�Ï|�+Í~x jWr yEvcvWr t`xcq xcwutHr}i~ycq pEz�r}i~jat pEv�rsqczEz yWr}i~vcw pWrswcxcvWr}i~ycq
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Ï�Ñ Ñ Ò�Ù i~wEz j t jEv iciEi
Ï�Ñ Ì�Ë jcqEz i j x i~xEv
ú�Ñ Ñ Ñ Ñ pcq v v v w
ö{n�û Ó�Ô{j+û i~wEp p i�t x i~pEw
Ð¤Õ+Ó�Ë�û xcy v i y pcw
ÌyÙBjÅÖ�Ô+Ó ici|z v v p t{y
Ìbø�Ë�Ð jut v t v jcj
ÊyÔ+Ð2Ö&Ï�Ê� i~w v j v z
ÊyÙ Ó�Bp�û wut v v v pcp
øÆÏ|�*Í~x pcyEy i�t jEy jEy j�i|j
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ÏÅÑ ÌyË jWr pEpcpWr zEycj pcwcvWrsxcvcx x�r tBiEi x�rspcqEq t jWrspczczWrspcvcj
ú�ÑoÑ Ñ Ñ jut`v�rsvut`j jcp�rsxWi~z pcq pcy j jut{vWrsxcqcj
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Ì�ø�Ë�Ð t{zWicr t{qEv ici~qWr t{vcq z�rsyczat j�i zWrsycwcp iErsjcycvWrspcycv
Ê�Ô+Ð¤Ö�Ï�ÊU� wWr pEqcyWr jWi~x iErswut{yWrswcx�i i|ycj�rsvatct jEw�r}iot`p iot`x�rsqcvWi i|q�rsyczEq�rsycpEx
Ê�Ù ÓU�Bp+û iotHr wEwczWr�i|wcz jWrsxcxcxWrszcvcw qEx�rszcyEv t`x�rspcyEq xEv�r t{qEv i|q�rswcwEw�rsvcwEz
ø�Ï|�+Í~x jWr wEzcwWr yEqcz xcxcqWrsxcycz pEz�rszcqWi pWicrsycyEq yWrsvcz�i pWrswut{jWr}i~zcz
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ú�Ñ Ñ Ñ Ñ v l i�üsvcw j(üswcp j(ü yEy v v
ö{n�û Ó�Ô{j+û v v�üszcz l v(üsvcq i~x(ü vEz l i�üsjcq l v�üszcz
Ð¤Õ+Ó�Ë�û l v�üsvut v�üsvcy l j(üsvcv l j(ü pEj l v�üsvcw l v�ü}i~q
ÌyÙBjÅÖ�Ô+Ó v l v�üsvcp v(ü}i~y v(ü jWi l v�üsv�i v�üsvcp
Ìbø�Ë�Ð v�üsvut v v v v v�üsv�i
ÊyÔ+Ð2Ö&Ï�Ê� l v�üsv�i v v v(ü vWi v v
ÊyÙ Ó�Bp�û i�ü t{z l v�ü t{z i~p(ü}ici pcj(ü pEq v�üsvcj i�üswcq
øÆÏ|�*Í~x l v�üsxcv l v�üsz�i j(üsv�i j(ü xEx l v�üspcx l v�üsj�i
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read from memory
on home node
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changed state of remote
copy to shared; forward
value; update directory

 read
M -- local memory latency
N -- network latency

latency:
     0

latency:
 2N+M

latency:
   4N
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read from
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acquire
excl. copy
from home
node

invalidate K shared
copies;  acquire
exclusive copy from
remote node

invalidate exclusive
copy and forward
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write
K -- degree of read sharing
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